ABSTRACT -Central nervous system (CNS) infiltration must be ruled out in patients with known neoplastic diseases and neurological symptoms. It was done a retrospective analysis of 1,948 CSF samples from patients with suspected malignant infiltration in the CNS, in order to evaluate the positivity rate of malignant cells in cerebrospinal fluid (CSF) samples and correlate with cytochemical characteristics. Sixty-two percent of subjects had acute lymphocytic leukemia. Malignant cells were found in 24% of all CSF samples. Subjects with positive malignant cells had predominance of increased levels of CSF total protein (TP), glucose and total cytology (p<0.05). Mean total cell count in this group was 232 (SD 933) cells/mm 3 , compared to 9 (SD 93) cells/mm 3 in the group without neoplasic cells (p=0.029). CSF TP specificity was 87% and negative predictive value (NPV) 96%. CSF total cell count specificity 86% and NPV 97%. Although sensitivity and positive predictive value were low. The presence of inflammatory cells and elevated TP found in patients with malignant cells in the CSF can aid in diagnosing CNS neoplasms.
The biochemical and cellular characteristics of the cerebrospinal fluid (CSF) are important for the diagnosis of the central nervous system (CNS) neoplasms 1 . The hypothesis of CNS involvement by malignant neoplasms must be made in a patient with known malignant neoplasms that presents neurological symptoms. Malignant cells of a variety of tumors, metastasis or primary, can be detected in the CSF. Any type of neoplasm can spread to the leptomeninges [1] [2] [3] [4] [5] [6] . This dissemination occurs with more frequently in acute hematological diseases such as leukemia and lymphomas.
Among solid tumors, the dissemination is more frequent with melanomas and breast or lung cancer. Among CNS primary tumors, tumor cells are more commonly found in the CSF in gliomas and medulloblastomas, due to their higher incidence and tendency to spread into the subaracnoid space. The frequency of CNS primary lymphomas has increased over the past, and is particularly high in patients with cellular immunity alterations such as HIV [7] [8] [9] [10] [11] . The objective of this study was to evaluate the frequency of detecting malignant cells in CSF, to corre-late it with CSF cytological and biochemical characteristics and to study the validity of basic CSF characteristics for the diagnosis of CNS malignant involvement.
METHOD
A retrospective, longitudinal study was conducted utilizing the CSF laboratory (lab) results from the from the data files of the CSF section of the clinical pathology laboratory of the General Hospital-Paraná Federal University (UFPR). The CSF samples were from adults and children with clinical suspicion of malignant CNS infiltration and from patients that underwent prophylactic intrathecal chemotherapy referred to the lab, mainly from hematology, bone marrow transplantation, neurology and neurosurgery services. The study period was from March 1995 to December 2000.
CSF total protein (TP) was determined by turbidimetric method of sulphosalicylic acid and CSF glucose was determined by enzymatic method. CSF total cell count was assessed by a Fuchs Rosenthal chamber. For differential cell count and to detect the presence of malignant cells, CSF samples were concentrated by Suta Chamber (from 1995 to 1998) and Cytospin (from 1998 to 2000). CSF samples were protein enriched with albumin. The slides were stained by May Grünwald-Giensa technique and analyzed by at least two trained researchers (SMA and eN). Malignant cells were defined by the presence of one or more of these characteristics, in accordance with the clinical diagnosis: large size and/or nuclei; nucleus/cytoplasm size index increased in favor of the nucleus; multiple nuclei; great, prominent or multiple nucleoli; variation in the size and format of the cells and nuclei; mitosis in groups of cells, frequent atypical mitosis; irregular nuclear edges, hyperchromasia and irregular grouping of the nuclear chromatin.
During the study period were referred to the CSF lab 1,948 CSF samples from 331 patients with possible malignant CNS infiltration, 180 patients (54.4%) were male and 151 (45.6%) were female, and the mean age was 15.7 years (±15.8) (mean±SD); median 9 years. All CSF samples were collected by lumbar puncture (LP) with a total of 1948 referring CSF samples. LP was repeated 6±5times; median of 4 times.
Statistical analysis -To calculate the positivity rate of detecting malignant cells in CSF, we considered the first sample, positive or negative, of each patient, and all subsequent positive samples (total number of 411 samples).
For analysis of the results, the CSF samples were divided in two groups with neoplasic cells and without neoplasic cells. The continuous variables were compared using the non parametric wilcoxon statistical test; the categorical variables were compared using Chi-square test (c 2 ). A p value ≤ 0.05 was considered significant. The results were presented as mean ±SD.
RESULTS
The indications to detect malignant cells in the CSF, classified by age groups, are indicated in Table  1 . The main indication was acute lymphocytic leukemia (ALL) in both age groups followed by acute myelogenous leukemia (AML) and lymphoma.
Malignant cells were found in 98 of the 411 samples (23.84%). The positivity rates by malignant disease are indicated in Table 2 .
CSF biochemical (total protein and glucose) and cytological characteristics of CSF samples, in the groups with and without malignant cells, are indi- cated in Table 3 . CSF TP was higher by almost two times in the group with presence of malignant cells (69.5±132.5 mg/dL), than the group without malignant cells (38.6±139.1 mg/dL) although there was no statistical difference (p=0.642). The percentages of cases with TP higher than 45 mg/dL and glucoses lower than 45 mg/dL are higher in the group with presence of malignant cells (Table 4 ). The mean±SD of CSF total cell count was higher in the group with malignant cells (232.2±932.6 cell/mm 3 ), than in the group without malignant cells (8.8±93 cells/mm 3 ) (p=0.029) ( Table 3 and 4). In the group with malignant cells, the number of samples containing lymphocytes, monocytes and neutrophils was greater than in the group without malignant cells (Table 5) .
CSF TP (≥45 mg/dL), glucose (≤ 45mg/dL) and an increase in CSF total cell count could be specific for indication of the presence of malignant cells in the CSF and has high negative predictive value (Table 6 ). 
DISCUSSION
This manuscript reports the findings of a single institution retrospective review of CSF analysis of patients suspect of having CNS malignant disease. In patients with well-known malignant neoplasm presenting with neurological symptoms, the diagnosis of leptomeninges infiltration must be ruled out 12 since any type of neoplasm is potentially capable of spreading to the leptomeninges. The diagnosis of the involvement of the meninges by extraneural cancer, leukemia cells, lymphomas and CNS primary tumors is based on cytological confirmation, either through CSF cytology or biopsy of leptomeninge 13 . The rate of positive CSF cytology found in our lab (24%) is a mean value compared to rates reported 12, 14, 15 , and is in accordance with some studies 14, 16 . However, the positivity rate of detecting malignant cells in the CSF varies in the literature and is assumed to depend on several factors such as histological confirmation, local of CSF collection, and CSF processing methodology used for cells concentration as sedimentation chambers or cytospin [17] [18] [19] . The sensitivity of detecting malignant cells in the CSF changes in accordance with the type of neoplasm, anatomic location as well as with the presence of meningeal involvement and its extension and number of malignant cells in CSF 9, 12, 14 . Primary cerebral tumors that exfoliated cells to the CSF were all located adjacent to the ventricle. In contrast, cells from tumors deeply localized in cerebral parenchyma are more difficult to be found in the CSF 15, 16 .
In our laboratory the most frequent indication to attempt to detect the presence of malignant cells in the CSF was ALL. The percentage of positivity we found is in accordance with the rate of CNS involvement of ALL in patients who routinely receive prophylactic intrathecal chemotherapy. For lymphoproliferative diseases, approximately 80% of the patients with ALL and 60% of patients with untreated acute myelogenous leukemia (AML) have leukemia cells in the CSF, during some period of the disease. with the use of intrathecal chemotherapy the incidence of acute leukemia in the CNS decreased to approximately 10% 9 . In contrast with acute leukemias, the involvement of the CNS by chronic leukemias, The malignant cells usually are strange cells to the CSF environment, differing from the cells frequently seen in the CSF. Some cellular characteristics could indicate possible malignant involvement in the CSF (Figs 1, 2 and 3) . None of these isolated characteristics are patognomonic of neoplasm 9 ; for exemple atypical cellular mitosis can also be observed in benign conditions such as acute meningitis 20 . However, the association of criteria can make the diagnosis of malignancy most likely 9 .
The presence of a uniform cellular population in the CSF with a similar nucleus to the blastic cells and scarce cytoplasm can be signs of involvement of meninges by leukemia. when a uniform population of blastic cells is present in great number, the diagnosis of CNS involvement by leukemia is not difficult. However the diagnosis becomes difficult if only a small number of blasts are present 9 . Falsepositive results can be observed in viral infections, arachnoiditis or in cases of intrathecal chemotherapy. In reactive pleocytosis with presence of lymphocytes and/or monocytes, a more heterogeneous cellular population frequently is found. Viral infections and chemotherapy can transform normal mononuclear cells into similar blastic cells 9 . A false-positive result can also result from the contamination of the CSF by peripheral blood with blastic cells, contamination of the CSF with bone marrow cells 21, 22 or during a period of immunologic reconstitution 9 .
There is no absolute consensus about the definition of the involvement of CNS in leukemias. A CSF total cytology increase of more than 5 cells/mm³ is considered diagnostic with the unequivocal presence of blastic cells 23 . According to some authors a falsepositive diagnosis can be prevented by diagnosing only neuroleukemia in the presence of immature cells representing at least 40% to 60% of the total cell population 24 .
Cellular and biochemical CSF characteristics -Little attention has been given to the routine analysis of the CSF and its relationship to the clinical data on tumoral pathology 15, 16, [25] [26] [27] [28] [29] . our data showed that total CSF cell count was greater in the group with malignant cells than the group without malignant cells, consisting predominantly of lymphocytes and monocytes and in some cases neutrophils supporting reports from other studies 15, 16 . Furthermore, other studies report an increase in total CSF cell count in 33 to 79% of cases studied of approximately 68 cells/ mm³, ranging from 18 to 685 cells/mm³. The predominance of polimorphonuclear cells was found in 44% of the cases 12, 13 . For some authors these cellular reactions are in part due to previous surgery 15 . However, this is not the case in the majority of the patients in our study who were with ALL. on the other hand, in these cases, intrathecal prophilatically chemotherapy could partially explain this pleocythosis.
In this study, polymorphonuclear cells were found in 13% of samples with malignant cells present and in 3% of samples without malignant cells (p<0.0001). The presence of polymorphonuclear in the CSF is considered pathological; however after the introduction of more efficient concentration techniques, some researchers consider that a small number of neutrophils can be present in normal CSF 30 . The reference values of neutrophils are 2% for adults and 4% for newborns. In general, it is recommended to always consider the presence of a small number of neutrophils in the clinical context and in relation to the results of other laboratory tests.
In this study, CSF TP was mildly increased (in relation to normal) in the group with malignant cells present. The increase of CSF TP in the group with presence of malignant cells was almost two times greater than the CSF TP in the group without malignant cells, however, this increase was not statistically significant. our study reports an increase of CSF TP in 37% of samples with involvement of leptomeninges by neoplasm which is less than previous reports citing increases of 76 to 86% in cases with neoplasms 12 . The increase in CSF TP in combination with multifocal neurological symptoms or alterations upon neuroimaging examinations was found in 73% of the patients with negative malignant cells in the first sample of CSF. The association of increased CSF TP and multifocal neurological symptoms or altered neuroimaging tests, preferential MRI, can indicate involvement of meninges in the neoplasm. Therefore, although not specific, the increase of the CSF TP has value in patients whose first sample of CSF was negative for malignants cells and a previous diagnosis of neoplasm 12 .
other reports have already described increased values of CSF TP content in several types of cerebral tumors 16, 25 . This CSF TP increase could be related to intracranial hypertension and increased permeability of the blood brain barrier that is demonstrated by a transudative protein pattern. Moreover, this pattern was found in cerebral tumors with higher incidence than the degenerative or gamma-globulin patterns 16 . Decrease of glucose has been reported in 29 to 56% 12, 13 and our findings are in accordance 1, 9 .
our results must be seen carefully because the majority of patients in this study received intrathecal chemotherapy. As this confound factor is present in both groups probably this didn´t interfere on our results.
For CSF TP, glucose and total cell count, the sensitivity of these parameters, isolated studied, for the indication of presence of malignant cells in CSF of patients with clinical suspicion was low but specifity was high. In samples with a moderate increase of CSF wBC A high CSF TP (above of 45 mg/dL) and a low CSF glucose (less than 45 mg/dL) along with the number of CSF total cell count have high Negative Predictive Value (NPV) indicating that normal values of CSF TP and glucose in samples from patients with clinical suspicion of CNS infiltration could help to indicate absence of CNS neoplastic infiltration. There is no change in NPV increasing the value of the cut off of TP, glucose and CSF total cell count.
Methods with more sensibility and specificity than the cellular morphology are necessary to correctly identify malignant cells in the CSF. Although CSF cytology is useful, malignant cells are not detected in as many as one third of patients who have compelling clinical or radiographic evidence of neoplastic meningitis. Novel assays are being tested that may enhance the early identification of malignant cells in CSF. Currently, the diagnosis occurs generally after the onset of neurologic manifestations and heralds a rapidly fatal course for most patients 27 . Imunocytochemistry techniques, immunophenotipagem and biochemical or immunologic markers can help in this diagnosis 7, 8, 10, [27] [28] [29] [30] [31] [32] [33] [34] . The analysis of CSF biochemical and cellular characteristics, although not specific for the diagnosis of malignant involvement of CNS, are important and can help for the diagnosis of CNS neoplasm when associated with other clinical or biomarker characteristics.
